PRACTICAL APPLICATION OF THE ZURICH-MONTPELLIER
SYSTEM OF PHYTOSOCIOLOGY

By P. B. BRIDGEWATER¥

A_BS'I_‘RACT: Prac_tica] application of the Ziirich-Montpellier system of phytosoci-
ology is dlscussgd. To illustrate its use and the methodology involved, reference is made
to some vegctation samples from Westernport Bay, Victoria.

INTRODUCTION

The Ziirich-Montpellicr (Z-M) system attempts
to describc stands of vegetation, and then group
similar stands, using floristic similarity as a cri-
terion. Hence it is a polythetic divisive system
(Williams, Lambecrt and Lance 1966).

It has been applied to most vegetation types,
and has the advantage that survcys covering large
or small arcas can be easily undertaken. Stand
groups (usually arrangcd in a hierarchical struc-
ture) are particularly suitable for vegetation
mapping.

There has been surprisingly little published in
the English language on the theory and practice
of the Z-M system. Notable exceptions havc been
Becking (1957) and Poore (1955a, b, ¢, 1956).
Both of thesc authors dcalt rathcr more with
thcoretical aspects of the system than with an
explanation of the system's mcthodology.

More important, both freely utilize thc concept
of fidelity. Although this conccpt playcd an im-
portant part in thc system’s devclopment, few
proponcnts of the systcm now utilize it. Moore
(1962}, in commenting on Poore’s {loc. cit.} ob-
servations, notcd that thc usc of ‘Charaktcrarten’
(characteristic species) has now declined, and
been largcly replaced by ‘Trennarten’ (differential
spceies). ‘Differential specics” implics that the
specics concerned scrve to diffcrentiate a unit of
vegctation from similar units, but does not imply
that the spccies is necessarily confined to that
unit. The Trennarten of associations, taken as the
basic units of the Z-M hicrarchy, arc termed
‘Kennarten'.

As furthcer comment on this problem, Ellenberg
(1960) wrote °. . . the importancc of characteristic
Species, or species of high fidelity, is decrcasing
morc and more, and they only become important

in the highcr units of thc system (alliance, order,
class)’.

The system has been applied cxtensively in
Europe, North and South America and Japan.
That it can also be applied with great benefit in
Australia the author has no doubt, and thc prime
reason for publishing this paper is to bring the
methodology of the system within the rcach of
Australian ecologists who may wish to experiment
with it,

METHODOLOGY

Two distinct phases are involved: 1. analysis
(= description) and 2. synthesis (= classifica-
tion).

1. ANaLysis

Here the most important featurc involves ‘stand
selection’, i.e. deciding the location and size of
vegetation stands. (‘Stand’ is equivalcnt to the
French ‘Rclevé’, and German ‘Aufnahme’.)

Stand selcction depends on two major critcria:

a. Vegetational homogencity;
b, Vegetation ‘minimal area’,

Dahl and Haded (1949) give the following

definition of homogeneity:
A plant species is said to be homogeneously dis-
tributed within a certain arca, if the probability of
catching an individual of the species, within a test
area, is the same in all parts of the area. A plant
community is said to bc homogcneous if the individu-
als of the componcnt species, used for community
charactcrisation, are homogeneously distributed.

Poorc (1955b) noted:

. it is quitc clear that homogeneity is a matter of
scalc . . . In fact, the more one examincs vegetation,
the more one is forced to the conclusion that absolute
uniformity is an illusion.

Bearing this in mind, it is nevertheless possible
to distinguish betwcen vcgetation that approxi-

* Botany Department, Monash University, Clayton, Victoria 3168.
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mates to a standard of homogeneity, and one
which is non-homogeneous (viz. the ‘ecotone’ be-
tween two well-defined vegetation types). Should
such gradal situations bc deseribed, they will be-
come obvious in the synthetie phase, and are best
offset in any final tables of the vegetation.

Vegetation which obviously forms a mosaie is
usually best treated as two vegetation types. Sub-
sequent treatment in the synthesis phase may
confirm this trcatment, or show the mosaic effect
to be produced by dominants only, and not borne
out by total speecies composition.

Continental European phytosociologists have
long relied on “die pflanzensoziologische Blick’, or
assessment of homogeneity by eye. Many ‘Anglo-
Ameriean’ ecologists have eriticized this, perhaps
unaware that it is not a haphazard process, but
one in which the physiognomic structure of vegeta-
tion is assessed aceording to a very definite ‘rule’
of homogencity.

If, at any stage, there arc doubts regarding the
homogeneity of any vegetation stand being de-
scribed, then a note to this effeet should be added.

‘Minimal area’ is based on the premise that the
true charaeteristies of a plant community nced a
minimum area for expression, and any smaller
areas examined would not indieate the full com-
munity charaecteristics,. However, at the start of
any investigation, no communities have becn
defined.

To overcome this eircular argument, it is gener-
ally aceepted that plant formations (sensu Dan-
sereau 1957) are composcd of eommunities with
similar minimal areas. When working in a new
formation, or unusual vegetation, an estimate of
minimal area can be made using the following

proeedure:
a. Within an area 0-5 X 1 m count the number
of species.

b. Double the area of the quadrat (i.e. 1 X 1 m),
keeping the original area examincd within the
new area. Note any new species.

¢. Continue this procedure, plotting the numbcr
of species noted against quadrat size.

d. The rcsultant graph should be a curve, with an
initially sharp rise, but which levels out, or has
a much diminished rate of increase.

¢. The point of intersection between a perpen-
dicular, dropped from the curve at the point
of levelling out, and the horizontal axis is
taken as the minimal arca.

Assuming the vegetation to be homogeneous,
and an area > the minimal area has been chosen,
the following proeedure should be adopted:

(1) Each deseription must have a unique code.
This can vary with the purpose and neceds of the
recorder, i.e. it can be simple (1, A, ete.) or more

detailed (PB/1/H}, i.e. Author, number, vegeta-
tion type.

(2) For each deseription note:

a. Locality, as preeisely as possible. (N.B.: ip
areas that are unmapped or have only old
maps, a tracing sheet placed over an aerial
photograph is a good method to show stand
location, espeeially if there is a eluster of
stands in an otherwise undistinguished re-
gion.)

b. Date—always in full, preferably as shown—
12/X/°70 (i.e. day, month, year).

*e¢. Grid Reference

*d. Altitude
e. Slope
tf. Exposition
g, Aspect
h. Tree layer height, % cover
i. Shrub layer height, % cover
j. Herb (field) layer height, % eover
k. Bryophyte (ground) layer height, % cover
1. Total Vegetation cover (%)

m. Where appropriate, note % eover of bare
ground, rock or open watcr.

n. Area of the stand being analysed
* These details may be added later from maps or
other sources.
T ‘Aspect’ here refers to the most obvious feature
of the vegetation (i.e. a species in full bloom);
‘Exposition’ 1o the compass point.

(3) In addition, a small sketech of thc stand
location is often useful.

(4) Soil profile; geologieal substratum. These
are invaluable supplements to vegetation descrip-
tion. A sketch should be made of soil profile,
noting any speeial features, particularly the de-
velopment of the organie fraction. If possible,
differentiate litter (L), fermentation (F) and
humus (H) layers, leaching effects, water level,
ete. In detailed studies, soil samples may be re-
quired for pH and mineral analysis. Distinguish
solid and drift geologieal substrata, and note any
oaterops.

(5) Note any unusual feature, i.e. roadside,
regularly disturbed, subjeet to sea-spray, etc.

(6) Add any biotic data you consider im-
portant, i.e. intensivc grazing (specify animal(s)
if possible), exeessive ant activity, ete,

(7) Make a eomplete list of all species present
—inelude bryophytes, lichens and, if present,
macroseopic algac. Epiphytes should be noted as
such, but in eertain vegctation types (e.g. Rain
forests) it is possible that the epiphytic eom-
munities should be deseribed separately (see
Barkman 1959).
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(8) Each species should then be assigned a
value on a cover abundance scale, and, if possiblc,
a sociability (modc of growth) scale. The use of
these scalcs scrves a two-fold purposc:

(i) they crcatc a mental picture (for readers) of
the vegetation described, and

(ii) they help to distinguish vegctation types,
which, although floristically similar, may have
differcnt species acting as dominants. This is
cspecially important in species-poor vegetation.
Although therc arc several scales of cover-
abundance in the literature, unless detailed work
is being carried out the scalc least subject to
‘operator crror’ is that of Braun-Blanquct (1928)
(sce Appendix). Other scales, suitable for more
dctailed work, are those of Domin (1933), Doing-
Kraft (1954), Barkman, Doing and Scgal (1964).
Note here also that ‘cover’ is defincd as the
‘amount of ground space that would be covcred
by an irregular polygon tracing the outline of the
plant’. For a justification, sce Daubcnmirc (1968).

(9) In the carly days of the systems’ develop-
ment ‘vitality’ and phenology (i.c. sccdling, flower-
ing, fruiting, ctc.) were also noted for each
species, on a 1-5 scale. However, the use of thesc
has been largely discontinucd, with the exception
that trecc or shrub scedlings are usually noted
separately, e.g. Eucalyptus regnans 5.1, E. regnans
(scedlings) 1.1,

In cxtcnded surveys, it is often uscful to have
cards pre-printed with hcadings noted above, and
a list of the more common species involved.

2. SYNTHETIC PHASE

As an example of this phase, 22 vegetation
stands (each 5 sq. m in area) (taken from salt
marsh vegctation, Westernport Bay, Victoria) arc
used for a step-by-step illustration of stages in-
volved. The values quoted are from thc covcr-
abundance and sociability scalcs of Braun-
Blanquct (1928), with cover-abundance being
quoted first. Although the tables are shown typed,
normally thcy would be hand written.

(1) All stands are entcred in a stands/spccies
table (Tablc 1). This is thc ‘raw table’.

(2) This is then examincd, and ‘potential dif-
ferential spccics’ (PDS) noted. This has becn done
in Table (2), although normally one would usc
thc raw tablc. The initial choice is made from
Specics having an apparently clumped distribution,
Wwith usually < 60% prcsence in the stand group.
Species such as Distichlis distichophylla, which
may be a PDS, are ignored at this stage, but
Subsequently reordering may highlight this and
Other species, not obvious in this initial selection.

In the example there are 4 obvious groups of

PDS:

a. the coincidence of Atriplex cinereum and
Selliera radicans.

b. thc coincidence of Triglochin
Hemichroa pentandra.

c. the coincidence of Carpobrotus rosii, Poa
poiformis, Triglochin striata and Frankenia
pauciflora.

d. The coincidence of C. rossii, P. poiformis,
Gahnia filum, Suaeda australis and F. pauci-
flora.

At this stagc, there is obvious ovcrlap between

(¢) and (d)—subsequent tcsting will reveal if the

distinction should be maintaincd.

(3) Using those species a ncw tablc (3) (the
‘partial table') is drawn up, with a ncw order of
stands, consolidating scparated stands of the four
groups discussed above. For easy and cfficient
transfer of information between the tablcs, the
following proccdure is rccommended.

Two strips of squared paper are used, one with
the numbers 1-22 entered sequentially. This is
placed over the recorded stand numbers on the
partial tablc. The sccond strip is placed over the
raw table, and thc position of thc stand, as deter-
mined by its order in the partial table, is entered.
Thus ovcr stand 1 in the raw table 1 is entered,
stand 2-2, stand 3-19. stand 4-20, etc. The two
strips are illustrated under Table 3 (Fig. 1).

(4) From this partial table, it becomcs obvious
that there arc, in fact, 3 spccies groups, each
detcrmined by a pair of species, and cach capable
of further diffcrentiation. The three pairs are:

(i) Atriplex cinerewm—Selliera radicans
(ii) Triglochin striata—Hemichroa pentandra
(iii) Poa poiformis—Frankenia pauciflora

It is also obvious that to clarify thc subdivisions
of (iii) a rearrangement of stands would help, i.e.
as 13,15, 3,4, 14, 5, 6.

(5) Next a new partial table, with all species
(excepting those of only onc occurrence) is drawn
up. This step may highlight any PDS previously
ignored, and consolidate diflcrentiatcd groups
noted in 4. Again, transfer strips arc used for
casc in handling thc data. This is Table (4) (par-
tial table I1).

(6) From thc information gathered from par-
tial table 1I, a third partial tablc (Tablc 5) is
drawn up, revising the order of species. Stand 15
appears rather anomalous—this is sct to one side
for further consideration, but otherwise the stand
order is unchanged. It can be useful, at this stage,
to space out the defined groups.

It should be stresscd that transfers of species
values are made each time from the raw table,

striata and
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and never from partial table to partial table.

(7) This last Table (5) represents the state of
the vegetation as far as our knowledge extends at
the time of investigation. Gathering of further
stands, however, may increase the information,
indicating a need for fusion, or perhaps sub-
division, of the units described above.

NOMENCLATURE

Associations are usually named from a species
acting as a physiognomic dominant, and another
species constantly present, but not necessarily a
physiognomic dominant. Similar associations, dif-
ferentiated from others by the samc set of differen-
tial species, may be grouped as alliances, and
similar alliances grouped as orders, etc.

The ‘endings’ for the various hierarchical ranks
are cited below (lowest rank at bottom) :

Class

-etea
Order ~etalia

Alliance -ion

Association -etum
Sub-Association -etosum

Variant no ending, or -osum

To illustrate the three associations from this
example three ‘final tables’ have been prepared
(6-8).

These three associations most probably belong
to the class Thero-Salicornietea.
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APPENDIX:
A. COVER/ABUNDANCE SCALE

The one recommended is that of Braun-Blanquet
(1928), i.e.:
r = erratic, cover less than 5%.
-+ = occasional cover, less than 5%.

1 = common, cover Icss than 5%.

= very common, cover less than 5% or

cover 5-20%, any no. of individuals.

3 = cover 20-50%, any no. of individuals.
4 = cover 50-75%, any no. of individuals.
5 = cover 75-100%, any no. of individuals.

B. SocmsiLITY

Braun-Blanquet (1928):

1 = growing singly; solitary plants.

2 = growing in groups; clumps or tufted
plants.

3 = large groups or clumps; small scattered
patches.

4 — patches, or broken mat.

5 = extensive mat, covering nearly all stand
area.

Note: The 4+ symbol is not usually associated with
values on the sociability scale,
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Stand #

Species:

Salicornia auingueflora
Arthrocnemus arbusculum
Dintichlls distichorhylls
Samolus repens

QE’-E! nx Ejnezeum
Selliera radicans
Corpobrotus rosaif

Pon poiformis

Sahaia 11w

Suneda austrglis
Frpnkenia pauciflora
Triglechin strinta
Paravholis incurva
Hemichron pentandra
Limonjun gustralis
Stipa teretifolis
Rhuiroclontug goo.
Hydrocotyle capillaris
Sghgenua piteps

Salicornia quingueflora
Arthrocnemum arbusculum
Distichlis distichophylla
Samolus revens

ird einereum
Selljern radicans
Lorpobrotus rosaii
Poa poiformis

Gahnin filug

fuseda australis
Zrankenis paucifiora
Driglochin gtriate
Parapholis incuyva

fond chroq pentandrag
Lizoniun gugtralis
Stipn teretifolis
Rhizoclonium aro.
Hydrocotyle capillaris
Schoenus nigricans

259

TABLE 1
Raw TABLE
1.2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
3.3 444 2.0 3.3 5.5 2.2 1.4 24 5.5 3.3 4.4 3.3 4.4 3.3 34 24 34 1.4 24 24 3
444 44 3.1 301 2.0 241 44 3.1 5.5 3.1 444 5.5 + 1.1 . +
33 262 2.2 2.2 3.3 3.3 2.2 1.2 1.2 + 1.2 + 2,2 +
102 23 + 11+ 565 3.3 2.2 2,3 2.3 1.3+ 14 3.3 3.2 5.5 1.1 3.3 2.2
+ + + + 1.2 1.2 +
162 241 + o+ + + 14 + 1.4 2.2
: 3.3 444, 3.3 3.3 4.4
1.2 2,2 2,2 1.2 1.2 1.2 1.2
3.2 2.2 262 242 242 3.2
1.1+ 1.1 1.1 1.
3.3 141 2.3 "33 20 33
1.2+ 2,0 20 14+ 2.2 + o+ 14 2.0+ 2.4 24
2.2 102 1.2
24 3.2 2. 1.2+ 444 2.1 5.5 3.3 3.3
1.1 141 241
1.2
3.3 4.4
1.2
142
TABLE 2
RAw TABLE—INDICATING ‘POTENTIAL DIFFERENTIAL SPECIES’
1 2 3 4 5% 6 7 8 9 10 11 12 43 14 15 16 17 18 19 20 21 22
33 4e4 2.1 3.3 5.5 2,2 1.1 241 5.5 3.3 4.4 3.3 4.4 3.3 3.0 2.1 341 140 2.1 2.0 3.1
4.4 4.4 3.1 341 + 2.4 24 4.4 3. 5.5 34 4.4 3.5 + LELE
3.3 2.2 2.2 . 2.2 3.3 3.3 2.2 1.2 1.2+ 1.2+ 2.2 4
1.2 23 4 1.4 +° 55 3.3 2.2 2,3 2.3 1.3+ 1.1 3.3 3.2 545 1.1 343 2.2
-t +_+_ 1.2 1.2+ :
Ja2 2 +_+ _+ PR + 14 22
3.3 4.4 TSRS T
1.2 2.2 262 142 1.2 1.2 1.2
3.2 2.2 2.2 2.2 2.2 32 07T
1.1+ 1.1 ol 141
3.3 1. 2.3 7350200 55T
1.2 4+ [T 20 1.7) + I 11 2.0+ 2. 2.1]
2,2 02 1.2
[z« 44 21 55 3.3 3.9
101 1.1 2.1
1.2
3.3 4.4
1.2
1.2
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TABLE 3
PARTIAL TABLE I

1 2 10 11 12 16 17 7 8 9 18 19 20 29 22 13 14 15 3 4 5 6

Atrivlex cinereum
Selliera radjcane
Triglochin strista
Eemichroa pentandra
Carpobrotus rossii
Poa poiformie
Frarkenia pauciflora
Gahnia £3lum 2,2 2.2 2.2

Sugeda gustralie 1e1 161 141

200 240 1ol 11 24+ 24 2000 t2.20 4
L2, 302 201 4.8, 2.1 5,5 3.3 3.3 ’

.
.

TS T2 5 ey Tt
3.3 1. 2.3+
g g
HERE

RITTRRTY

o
)
n
0

o
w
)

EARE

Fig, [1]

Strip sequence: ;1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

[ PARTIAL TABLE ]
revieed etand order: 1t 2 10 11 12 16 17T T 8 9 18 19 20 21 22 13 14 15 3 4 5 6

Strip sequence: g 1 2 19 20 21 22 8 9 10 3 4 5 16 17 18 6 T 11 12

[ RAW TABLE ]
original stand order: 1 2 3 4 5 6 T 8 9 10 11 12 43 14 15 16 17 18 19 20 21 22

TABLE 4
PArTIAL TABLE II

1 2 10 11 12 16 17 7 8 9 18 19 20 21 22 153 15 3 4 14 5 6

Atriplex cinereunm + + + + 1.2 1.2 o+

Selljera radicans 1.2 2.1+ + + + 14 + 1.1 2.2

Triglochin etriata + + 2e1 241 1ol 1.1 2.1 + 241 2.1 + 2:2 1.2 +
Hemichron pentandra 1.2+ 2.1 3.2 2. 4.4 2.4 5.5 3.3 3.3

Pon poiformis 162 1.2 1.2 2.2 1.2 2.2 1.2
Frankenia pauciflora 3.3 3.3 3.3 1.4 241 2.3
Carpobrotus rossii L) 3.3 3.3 3.3 4.4

Gahnia filum 2.2 2.2 2.2 3.2 3.2 2.2

Suseda gustralis 1.1 1.1 141 1.1+

Salicornia guingueflora 33 4.4 33 341 2.1 1.1 241 5.5 Fe1 11 2.1 2.1 3.1 3.3 241 303 404 5.5 2.2
Arthrocnemun arbusculun 4.4 3.1 5.5 4.4 5.5 2.1 24 + 1.1+ 3.1 3.1 3.4 +
Distichlis distichophylle 242 3.3 3.3 1.2 1,2 162 2.2 4+ 2.2 2.2

Samolus repsns 2.3 2.3 1.3 3.3 3.2 5.5 3.3 2.2 5.5 1.1 3.3 2.2 4+ + 1.1 1 4
EFarapholis incurva 1.2 2.2 2.2
Limonium australis 1.1 141 2.1

Rhizoclonium epp. 33 4.4
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TABLE 5§
PARTIAL TABLE II1

1 2 10 11 12 16 17T 7 8 9 18 19 20 21 22 13 3 4 14 5 6 15

Atriplex cinersum + + + + 1.2 1.2 +

Salliers radjoans 1.2 2.1 + + + + 1.1 4+ 1.1 2.2

Arthrochemua arbusculum 4.4 4.4 4.4 3.1 5.5 4.4 5.5 2.1 241 + 1.0+ 3.0 34 3.1 +
Diotichlis distichophylls 3.3 2.2 2.2 3,3 3.3 1.2 1.2 + 1.2 4 2.2+ 2.2 2.2

Trizlochin strists + + 2.0 2.0 11 .1 2.1+ 2.4 24 2.2 1.2 + 4
Eamichroa pentendra 1.2+ 2,1 3.2 2.1 4,4 2.1 5.5 3-3. 3.3

Poa poiformin 1.2 1.2 2.2 1.2 2,2 1.2 1.2
Frenkenin prucifiorg 3.3 3.3 1.1 24 2.3 3.3
Carpobrotus rossii 4.4 3.3 3.3 4.4 3.3
Cahnig filun 2,2 2.2 2.2 3.2 3.2 2.2

Sugeds gustrallg el 1ot 144 14+

Rhigoclonium spp. 3.3 4.4

Samolus repens 1.2 2,3 2.3 2.3 1.3 3.3 3.2 5.5 3.3 2.2 5.5 .1 3.3 2.2 ¢ 4 1.4 14+

TABLE 6
ARTHROCNEMO—ATRIPLICETUM CINEREI

DIFFERENTIAL SPP. OF THE VARIANTS:

Sahnig filun §2.27%202 22T o
Homiohron pentandra M2+l
Suseds australis 1o M. 7110
Rhizocloniun spp. 3.3 :4.4:
DIFFERENTIAL SPP. OF THE ASSOUIATION:

Arthrocnemum arbusculum 4.4 4.4 4.4 3.1 5,5 4.4 5.5
Distiehlin distichonhylls 3.3 2.2 2.2 3.3 3.3 1.2 1.2
Atpiplex cineroum + o+ o+ o+ 1.2 1.2 0+
Selljern radicans 1.2 2.4 + + + + 1ol
SPECIES OF THE ALLIANCE:

galicornia guinqueflora’ 3.3 4.4 3.3 4.4 3.3 340 2.1
Samolus repens 1.2 2.3 2.3 2.3 1.3 3.3 3.2

ADDITIONAL SPECIES:

Triglochin striata + +
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TABLE 7

TRIGLOCHIO—HEMICHROETUM PENTANDRAE

DIFFERENTIAL SPP. OF TBE VARIANTS:

Arthrocnemun arbuseulun
‘Selliera radicans e +
Distichlis distichophylla : i 12 4

DIFFERENTIAL SPP. OF THE ASSOCIATION:

Triglochin striata 2a1 241 11 1e1 241+ 241 24
Hemichroa pentandra 2e1 342 241 444 2.1 5.5 3.3 3.3

SPECIES OF THE ALLIANCE:

Salicornia quinqueflora Tel 241 5.5 3ol 1.1 2.1 2.1 3.1
Samolus repens 5.5 3.3 2.2 55 1a1 33 242

ADDITIONAL SPECIESs

Limonium australis 1ol 1.1 2.1

TABLE §

FRANKENIO—POETUM POIFORMIS

13 3 4 14 5 6

DIFFERENTIAL SPP. OF THE VARIANTS:

34 3 3. :
3.3 3.3 44
242+

Arthrocnemum arbusculum
Carpobrotus yossii
Gahnia filum

Distichlis distichophylla
Suneds gustralis
Trislochin striata

3.2 Je2
2.2 2.2
141

DIFFEREXTIAL SPP. OF THE ASSOCIATION:
Poa poiformis 1.2 1.2 2.2 1.2 2.2 1.2
Frankenia psuciflors 3.3 3.3 1.1 241 2.3
SPECIES OF THE ALLIANCE:
Salicornia guinqueflora 2.1 3.3 4.4 5.5 2.2
Samolus repens + + 1a1 141 +
ADDITIONAL SPECIES:

Parapholisg incurva 2.2



